The remineralisation of sinking particles by prokaryotic heterotrophic activity is important for controlling oceanic 22 carbon sequestration. Here, we report mesopelagic particulate organic carbon (POC) remineralisation fluxes in the 23 North Atlantic along the GEOTRACES-GA01 section (GEOVIDE cruise; May-June 2014) using the particulate 24 biogenic barium (excess barium; Ba xs ) proxy. Important mesopelagic (100-1000 m) Ba xs differences were observed 25 along the transect depending on the intensity of past blooms, the phytoplankton community structure and the physical 26 forcing, including downwelling. The subpolar province was characterized by the highest mesopelagic Ba xs content (up 27 to 727 pmol L -1 ), which was attributed to an intense bloom averaging 6 mg Chland by an intense 1500 m-deep convection in the central Labrador Sea during the winter preceding the sampling. This 29 downwelling could have promoted a deepening of the prokaryotic heterotrophic activity, increasing the Ba xs content.
twenty-two 12 L Go-Flo bottles at higher spatial resolution (31 stations) but with lower vertical resolution in the 142 mesopelagic layer. Details about filtration, sample processing and analyses can be found in Gourain et al. (2018;  this 143 issue). Briefly, at each depth, two size fractions were investigated: 0.45-5 µm using polysulfone filters (Supor®) and 144 > 5 µm using mixed ester cellulose filters (MF, Millipore®). Between 2 and 5 L of seawater were filtered for the upper 145 water column (surface to 100 m) and 10 L for depths exceeding 100 m. Excess seawater from the filters was drawn off 146 and then the filters were frozen in acid-cleaned petri-dishes until home analysis. In the laboratory, filters were digested 147 with a solution of 8 M HNO 3 (Ultrapur grade, Merck) and 2.3 M HF (Suprapur grade, Merck). Vials were then refluxed 148 at 130 °C on a hotplate for 4 h. After gentle evaporation, the residue was redissolved with approximately 2 mL of 0.32 149 M HNO 3 spiked with 1 μg L -1 of Indium. Solutions were analysed using a SF-ICP-MS (Element 2, Thermo) following 150 the method of Planquette and Sherrell (2012) . Total Ba and Al concentrations were calculated by summing the two 151 size fractions. The accuracy and precision of these analyses were assessed using the BCR-414 CRM (see Gourain et 152 al., 2018; this issue).
153
For both Niskin and Go-Flo samples, the Ba xs concentrations were calculated by subtracting the particulate lithogenic 154 barium (pBa-litho) from the total particulate barium (pBa). The pBa-litho was determined by multiplying the 155 particulate aluminium (pAl) concentration by the upper continental crust (UCC) Ba:Al molar ratio (0.00135 mol mol -156 1 ; Taylor and Mclennan, 1985) . Along the GEOVIDE section, the pBa-litho fraction represented less than 7 % of total particles to Ba xs concentrations for the sample collected at 600 m at Station 69 and which has a high mesopelagic Ba xs detected barite particles present in this surface area were assessed. To this aim, each barite particle was pictured using 181 a magnification setting between 12,000 and 15,000×. Images were then analysed with the software ImageJ and, for 182 each barite particle, the longest and shortest axes were measured and pixels were converted to nanometres. Barite 183 particles were then assimilated to ellipses to calculate their volume. Finally, the concentration of pBa of each barite 184 particle was calculated using Eq. (1):
where V is the volume of the barite particle (between 0.01 and 3.96 µm 3 ), μ BaSO4 is the density of barite (4.45 g cm -3 ),
187
M Ba / M BaSO4 is the molar proportion of barium in BaSO 4 (0.59) and V SW is the volume of seawater filtered (equivalent 188 to 0.2 mL for the portion of filter surface analysed). 
Mesopelagic Baxs

239
The Ba xs concentrations were integrated (trapezoidal integration) over two depth intervals of the mesopelagic layer 240 (100-500 m and 100-1000 m; Table 2 ) to obtain depth-weighted average (DWA) Ba xs values.
241
The DWA Ba xs values between 100 and 500 m ranged from 399 to 672 pmol L -1 and from 315 to 727 pmol L -1 between 
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The highest median DWA Ba xs value was observed in the ARCT province (566 ± 155 pmol L -1 , n=5). There, the DWA
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Ba xs contents were more variable between stations, ranging from 315 pmol L -1 at Station 51 to 727 pmol L -1 at Station 254 69, with a high DWA Ba xs also observed at Station 44 (633 pmol L -1 ). the second Ba xs maximum at 700 m (Fig. 5) does not coincide with a specific water mass (Fig. 7) . In this case, the deep greater depths. At the remaining stations there was no evidence of water mass influence. Overall, lateral transport 323 influencing the local Ba xs distributions was observed at two stations during GEOVIDE but did not significantly modify 324 the magnitude of the local mesopelagic Ba xs inventory. However, the subduction occurring in the Labrador Sea resulted 325 in larger mesopelagic DWA Ba xs , probably due to high organic export and associated prokaryotic heterotrophic activity 326 in these areas. The different Ba xs inventories may also be influenced by the differences in phytoplankton community compositions.
329
The ARCT province was dominated by diatoms (median value: 63 ± 19 % of the total phytoplankton community taxa; 
Relationship between Baxs and carbon remineralisation in the North Atlantic
342
In previous studies focusing on the Southern Ocean, Ba xs based-mesopelagic carbon remineralisation fluxes were where the POC mesopelagic remineralisation is in mmol C m -2 d -1 , Z is the thickness of the layer in which the However, it is of interest to investigate if this relationship can be applied in the North Atlantic. Therefore, we 355 determined the oxygen utilization rate (OUR; µmol kg -1 yr -1 ), which is obtained by dividing the apparent oxygen 356 utilization (AOU, in µmol kg -1 ) by the water mass age (Table S1 ). From the Iberian coast to Greenland, the age (Table 3 ; Fig. 9 ). In the North Atlantic, the fluxes obtained during the GEOVIDE and GEOSECS
390
(symbolized by stars in Fig. 9) 
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The dominating phytoplankton communities and the stage of the bloom are also indicated. 823 824
